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CHANNEL SECTION BEAMS UNDER STATIC AND 
IMPACT LOADING 
J. Rhodes! and M. Macdonald2 
Abstract 
The elasto-plastic behaviour of plain channel section beams under central 
point loading is investigated under static and impact loading conditions. 
Two different loading set-ups are considered, the first in which the load is 
applied to cause compression at the flange free edges and the second in 
which the load is applied to cause tension at the flange free edges. For each 
of these load set-ups static loading lests, single impact loading tests and 
multiple impact loading tests are carried out on a total of 86 channel beams. 
The energy absorption behaviour of the beams tested is examined and the 
static and impact behaviour is compared. 
Introduction 
The behaviour of plain channel sections in bending about an axis parallel to 
the web constitutes an interesting problem. If the bending is applied in the 
direction which causes tension on the flange free edges the behaviour is 
substantially different from that which could be expected if the bending 
causes compression on the flange free edges because of the enhanced local 
buckling possibilities arising due to compression on the flange free edges. 
In bending about this axis the elastic stress distribution is not naturally well 
balanced, and yield occurs substantially before full plasticity arises in the 
cross section, with shape factors of the order of 1.8 being applicable. Thus 
in evaluation of the capacity of such beams the elasto-plastic behaviour is of 
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high importance, and the load-deflection variation can be extremely non-
linear. It follows that the behaviour of such beams under dynamic loading 
will display most interesting features. 
In this paper, some details of an experimental investigation into the 
behaviour of small scale thin-walled channels under static and dynamic 
loading are given. The original experiments described here were carried out 
a number of years ago, as part of a Master's project (1) by Teo Seng Ho 
under the supervision of the first named author, but have never been 
published. 
Test specimens 
The cross sectional dimensions of the channel sections measured on average 
Web:-26.8mm, Flange:-13.2mm and the channels were manufactured from 
steels with average thicknesses of 0.97 mm and 0.55mm. For each material 
thickness all specimens tested statically and under impact conditions were 
produced from the same batch of material. The average yield stress and 
ultimate stress obtained from tensile tests on each material is as follows:-
Material Thickness(mm) Ys(N/mm2) UTS (N/mm2) 
0.55 234 337 
0.97 337 402 
Table 1. Tensile properties of the steel used for Channel Sections 
Static tests 
Static tests were carried out on eight channel sections, four of each 
thickness, manufactured together with those to be tested under impact 
conditions. For each thickness two spans were tested, and for each span 
loading was applied in different directions for the two tests. By this means 
the 8 tests covered all the potential variations in load direction, span and 
thickness available. The tests were carried out on a Tinius Olsen Electro-
Mechanical Testing machine, and the two different loading set-ups used are 
shown diagrammatically in Figure 1. 
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Figure 1. Loading set-ups for static tests on channels 
Figure 2 shows the variation of central deflection with load for the beams of 
nominal thickness 0.97 mm. A point which becomes immediately apparent 
here is that for both spans of channel the specimens sUbjected to load set-up 
1 have a slightly higher capacity than those subjected to load set-up 2, 
which is rather surprising given the tendency for flange local buckling, 
which actually did occur at failure as witnessed by the sudden reduction in 
load at failure in the set-up 1 tests. It is of note that the loads to cause full 
plasticity at the load point are 1120 N for the 203.2mm span beams and 747 
N for the 304.8mm span beams, and these are, in both cases, slightly less 
than the failure loads in Set-up 1 tests and slightly greater than failure loads 
in Set-up 2 tests. 
While it is somewhat surprising that the Set-up 1 tests produced greater than 
those of Set-up 2, it has been observed in the past e.g. Sin (1985), Rhodes 
(1987) that channel sections under bending to cause compression of the 
flange free edges can withstand moments greater than the fully plastic 
moment even if the width to thickness ratio of the flanges is of the order of 
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Figure 3. Static load-deflection curves for O.55mm thick channels. 
The test curves for 0.55mm thick material of span 203.2mm are shown in 
Figure 3. Here the more slender flanges do cause the member to fail under 
set-up I before failure occurs under Set-up 2. It is of note however that the 
fully plastic moment, which occurs at a load of 440N, was almost attained 
under set-up 2, while under set-up I the maximum moment attained was 
substantially greater than that required to cause first yield. While impact 
tests were also carried out on the O.55mm material with similar results to 
those for the thicker material, this paper will deal with the O.97mm thick 
material only. 
Single impact tests. 
The impact tests form the main part of this investigation, and were carried 
out to obtain some understanding of the response of a member which 
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sustained plasticity or local buckling or a combination of both under impact 
loading. One major area of interest is the springback behaviour of a member 
under an impact which is sufficiently severe as to cause damage or 
impairment of the member behaviour, but which is not catastrophic. 
Another area of interest is to examine the cumulative effects of a number of 
similar impacts. 
To this end, two separate series of impact tests were carried out. In the first 
of these series of channels of similar geometry were subjected to single 
impacts. Successive channels were impacted by increasing single energy 
inputs, and the results were noted. 
The channels were made from the same material as those described in the 
static tests, and the test rig used for the static tests was incorporated in an 
existing Avery impact test machine. The test machine is shown in Figure 4 
and the loading arrangement is shown more clearly in figure 5. To ensure 
that the specimen was not unseated by the impact loads this was connected 
to the supports by rubber bands as shown in Figure 5 and a wooden loading 
block was placed between impact hammer and the channel to spread the 
load over a small length of member and avoid severe indentation by the 
hammer. The mass of the hammer and its associated rod could be altered 
from one group of tests to another by fixing weights to the hammer as 
required. 
Figure 4. A very impact test machine 
Figure 5. Close-up of loading arrangement for impact tests 
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The channels used for the impact tests were manufactured at the same time 
and from the same materials as in the static tests, and the same 
load set-ups and spans were tested as in the static tests. In the single impact 
tests a specimen was arrange in its set-up position, and the hammer was 
raised to an angle of 20° to the vertical and then released. Before release of 
the hammer the plunger of the dial gauge was pulled back from its contact 
position, to prevent damage during the impact, and released once the impact 
had been completed. The bounce-back angle of the hammer was also 
measured to gain some idea of the energy lost. the specimen was then 
removed, a fresh specimen set in position and the procedure repeated with 
hammer inclination increased by 10°. This procedure was repeated with 
fresh specimens until a hammer inclination of 90° had been used. 
Results from these tests are shown in Figures 6 and 7 in the form of plots of 
energy input against plastic deflection. Note that although the points for 
each different set-up are shown joined they are each from individual tests. 
There are some points immediately noticeable from these graphs. The first 
impact, at an energy input level of just over 1 Nm, has caused negligible 
plastic detlection. This indicates, as was suspected, that an impact with such 
a small energy input is barely enough to cause any plastic flow in the 
specimen and almost all the energy is returned to the hammer in springback, 
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It is also of interest that the plastic deflections occurring in the 304.8mm 
specimens for a given energy input are approximately 1.5 times those in the 
203.2mm specimen for the same energy input. This is to be expected if the 
losses are substantially less than the energy input, since the energy input is 
mainly used in creating a mechanism close to mid-span, and it could be 
expected that such a mechanism will rotate by a given amount for a given 
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Figures 6 and 7 also indicate that for large energy inputs Set-up 1 gives 
larger plastic deflections than set-up 2. This is to be expected, and very 
much in-line with the static test results which show that local buckling of 
the flanges reduces the load resistance substantially after the maximum load 
is attained in set-up 1. However, the figures also indicate that at low energy 
inputs set-up 1 sustains lower plastic deflections than set-up 2. This arises 
mainly due to the fact that in the early stages of flange local buckling this 
effect reduces the maximum membrane stresses in a beam and postpones 
yielding, resulting in a more flexible beam with a greater elastic range and 
consequently a higher energy recovery after the impact is completed, with 
correspondingly lower permanent deflection. 
The single impact tests show the trends regarding energy input and plastic 
deformation, but there is a fair degree of scatter from one test point to 
another. This is to be expected since each test point deals with a single 
beam and the individual results take all the variations in beam properties, 
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load alignment etc. into account The multiple impact tests were arrange to 
help in cutting down the sources of variation and are described in the next 
section. 
Multiple impact tests 
In the multiple impact tests a single beam was set-up in the impact rig, a 
hammer inclination, or fixed energy input, was selected, and the beam was 
then subjected to repeated impacts, with plastic deflections measured after 
each impact, until it was considered that sufficient data had been achieved 
from the test. 
Initial Tests 
Before the beginning of the impact tests some exploratory testing was 
carried out to obtain an indication of the magnitude of impact energy which 
would just produce permanent deformations. These tests suggested that an 
energy input of approximately 1.3 Nm would produce very small permanent 
deflections on beams of 304.8mm span. It was then decided to carry out the 
first sets of multiple impact tests on these beams with inpact energies very 
slightly greater than this. 
The first two sets of tests on 0.97mm thick channels are recorded in Figure 
8. In these tests the energy input per impact was set at 1.38 Nm, a value 
which, as mentioned, was intended just to initiate yield for a single impact 
The veracity of this is witnessed by the fact that for set-up 2 a total of 200 
impacts was required to produce a permanent deflection of less than 6 mm. 
Comparing this with the corresponding results from Figure 6, it may be 
observed that in the single impact tests an energy input of just over 5 Nm 
produced a permanent deflection of around S.5mm, while 200 impacts at 
1.38 Nm per impact, i.e. 276Nm in total produced the same permanent 
deflection in the multiple impact test on Set-up 2. Thus for these multiple 
impact tests only approximately 2% of the impact energy was absorbed in 
producing plastic deflection. This suggests that around 98% of the impact 
energy was lost or recovered in elastic springback. Note that in this figure, 
and the next, only a representative selection of the impact readings has been 
shown. 
Test set-up 1 produced similar results for a small number, Le. less than 35, 
of impacts. However as local buckling of the flanges ensued as the number 
of impacts increased, forming plastic mechanisms near the loading points in 
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the plastic range, a greater proportion of the impact energy was absorbed in 
plastic deformation so that as the number of impacts approached 60 about 
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Figure 9. 1.38 Nmlimpact tests, Set-up 2 on larger deflection scale 
The cumulative plastic deflections for Set-up 1 tests can be seen to have 
three phases of behaviour, the initial slope becoming steeper as the number 
of impacts increase and then becoming much less steep as the flange 
buckling became dominant. If the plastic deflection scale is increased, as 
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shown in Figure 9 it becomes evident that three phases are also observed for 
the Set-up 2 tests. Initially the slope is relatively shallow, as the impacts 
progressively cause "shakedown" of the most highly stressed cross sections 
until after about 20 impacts all points on the flanges attain plasticity at each 
subsequent impact and the cumulative plastic deflection grows more slowly. 
This second phase ends when the flanges become locally buckled, in this 
instance by a localised "web crippling" type of behaviour at the point of 
impact. 
Subsequent tests 
Further sets of multiple impact tests were carried out on 304.8 mm span 
beams with energy inputs of 1.97 Nmlimpact, 2.66Nmlimpact and 3.45 
Nmlimpact. These are shown in Figures 10-12. From these figures it would 
seem that the energy input per impact is sufficiently high to eliminate the 
first phase of behaviour, i.e. full plasticity at the centre of the beam is 
attained from the first impact. In these tests the number of impacts required 
to produce significant plastic deformations is very much less than for the 
initial tests, suggesting that a substantially greater proportion of the energy 
input per test is used in producing plastic deformations than for the initial 
tests. For set-up 2 the variation of plastic deflection with number of impacts 
is almost linear, while for set-up 1 the slope is initially greater than for set-
up 2, but reduces substantially as the number of impacts increases. 
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Figure 10 Multiple Impacts (1.97 Nmlimpact) on 0.97mm thick 
channels, 304.8mm span 
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The general trends in these graphs are essentially the same as for the single 
impact tests, but have much less scatter as consistency and control of the 
variables is automatically improved in continuously testing the same beam 
under constant energy per impact conditions. It is of interest to note in the 
case of Set-up 1, comparing these figures with Figure 6, that while an 
energy input of about 13Nm produced a plastic deformation of 30mm in a 
single impact, to produce the same deformation by multiple impacts 
required energy expenditures of around 83Nm at 1.38 Nmlimpact, 37 Nm at 
1.97 Nmlimpact and at 2.66Nmlimpact and 20Nm at 3.45 Nmlimpact. This 
is of course due to the fact that in the multiple impact tests energy is lost in 
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Figure 11 Multiple Impacts (2.66 Nmlimpact) on O.97mm thick 
channels, 304.Smm span 
It is noteworthy that the trend observed in the single impact tests for the 
early impacts to produce lower values of permanent deflection for set-up 1 
than for set-up 2 is evident in the multiple impact tests also, with 
subsequent impacts reversing this situation. This suggests that for the early 
impacts the resistance to plastic deformation of the beams under set-up 1 
was initially greater than that under set-up 2, but after local buckling of the 
flange the resistance of set-up 1 beams deteriorates significantly, and this 
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Figure 12 Multiple Impacts (3.45 Nmlimpact) on 0.97mm thick 
channels, 304.8mm span 
Results from the corresponding tests on beams spanning 203.2mm are 
shown in figures 13-15. These results display exactly the same 
characteristics as those on the longer span beams, but with generally lower 
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Figure 13 Multiple Impacts (1.97 Nmlimpact) on 0.97mm thick 
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Figure 14 Multiple Impacts (2.66 Nmlimpact) on 0.97mm thick 
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Figure 15 Multiple Impacts (3.45 Nmlimpact) on O.97mm thick 
channels, 203.2mm span 
APPROXIMATE EVALUATION OF ENERGY LOSSES ON 
IMPACT 
In comparing the behaviour of beams under impact loading with those 
under static loading the losses under impact loading are of substantial 
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importance. Losses arise from various sources and, in the absence of 
knowledge of impact machine flexibility etc., are somewhat difficult to 
quantify. In view of this a simple procedure was followed, as illustrated in 
the case of a beam impacted by a load dropped from height "h" in Figure 16 
in which it is assumed that during impact elastic behaviour occurs until the 
beam load attains a value which causes plastic deflection to occur until the 
potential energy of the impacter is completely utilized (a). At this point the 
load and beam resistance are not in static equilibrium, and elastic 
complementary energy is dissipated in damping until equilibrium is attained 
at (b). On release of the load the beam then springs back elastically to (c). 
Thus the plastic work input, i.e. the work done in producing permanent 
deflection, produces measurable plastic deflection as the displacement at (c) 
and the losses are the elastic strain energy involved in deflecting the beam 
from (a) to (b) and (b) to (c). Note that if the beam remains elastic 
throughout impact then the well known "dynamic multiplier" is obtained as 




Figure 16. Impact loading of simple beam by load dropped from a 
height 
Using the hypothesis described results in the following expression for the 
plastic load in terms of the energy input and beam properties:-
(1) 
where Po is the load to produce the plastic deflection 4 during the impact, 
C is the energy input per impact and the other symbols have their normal 
meanings. This expression can be used to evaluate the variation of Po as the 
deflection increases, to give an indication, by comparison with the static test 
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results, of the relationship between static and impaet behaviour of the 
beams. 
To help eliminate any effects of experimental error in the measuring the 
variation of plastic deflections from one impact to another, curves were 
fitted to the experimentally obtained No. of Impacts v cumulative plastic 
deflection graphs and in this way the results could be calculated from 
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Figure 17 1.97 Nmlimpact on 0.97mm thick channels, 203.2 mm span-
Fitted curves 
The thick solid curves in these figures give the fitted curves and the 
expressions beside these lines are those from which the curves are obtained. 
The expressions give total plastic deflection, 0JT in mm in terms of number 
of impacts N. In all cases the set-up 1 curves, obtained using trial and error, 
are of the form shown, with different constants, and the set-up 2 variations 
are generally linear or only slightly non-linear. The particular curves shown 
were selected at random as the agreement between fitted curves of these 
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Figure 18. 2.66 Nmlimpact on 0.97mm thick channels, 203.2 mm span-
Fitted curves 
Correlation of static and impact test results 
Curves of load v deflection variations obtained on the basis of the impact 
test results are shown in figures 19 to 22. These figures show the static test 
results for 203.2 mm long and 304.8 mm long beams under set-up 1 loading 
and under set-up 2 loading, compared in each case with the corresponding 
curves postulated on the basis of the impact tests, for impact energies of 
1.97 Nmlimpact, 2.66 Nmlimpact and 3.45 Nmlimpact. In construction of 
the curves based on the impact tests, in all cases the calculated elastic 
deflection corresponding to the current loading , calculated using simple 
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Figure 20. Load- deflection curves. Comparison of static and impact 
test result-(b) 
Figures 19 and 20 show the results obtained for beams subjected to Set-up 2 
loading. The impact test based load -deflection curves are in fair agreement 
with the static tests, slightly higher in general and having a tendency for the 
evaluated load to increase as the impact energy increases. 
Figures 21 and 22 show the corresponding results for Set-up 1 loading. 
There is rather more scatter for this type of loading. This is to some extent 
because the post-failure behaviour under this type of loading is largely 
dominated by the local plastic mechanisms which arise in the flanges, and 
these have some variation in their positions along the flanges. For a number 
of specimens the plastic mechanisms on each flange occurred at the same 
position along both flanges, but for some specimens the plastic mechanisms 
were separated by a distance approximately equal to the web width, and 
some twisting occurred as these mechanisms developed, leading to changes 
in the impact energy absorption, as witnessed by the variations in the 
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Figure 22. Load- deflection curves. Comparison of static and impact 
test result-(d) 
Overall, the curves obtained from the impacted specimens followed the 
same trends as those from specimens subjected to static loading, with some 
degree of scatter. 
Discussion and conclusions. 
The static test results are similar to those obtained previously and show that 
under bending to cause compression on the flange free edges even relatively 
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slender flanges of plain channel sections can withstand increasing load well 
into the plastic range. In the case of the O.97mm thick material the channels 
bent in this way carried moments greater than the fully plastic moment, 
while even the O.55mm thick channels, with flange width/thickness ratios of 
about 24, carried moments substantially beyond the first yield moment. 
The fact that the O.97mm thick channels with flange free edges in 
compression carried maximum loads greater than those carried if the 
moment direction is reversed is probably due to the following. While these 
channels could utilise the material post-yield hardening before local 
buckling became predominant and in this way could sustain moments even 
greater than the theoretical fully plastic moment, reversed loading produced 
large compressive local loads in the flange, inducing web crippling in the 
plastic range. 
The single impact tests showed that for slight impacts, i.e with small energy 
input, beams sustained slightly less permanent deflection under Set-up I 
than under Set-up 2. For more severe impacts this was reversed, with Set-up 
I loading incurring substantially greater permanent deflections than Set-up 
;2. 
The multiple impact tests also showed these trends, and the repetition of 
similar impacts allowed examination of the progress of behaviour from the 
beginning of permanent deformation under impact conditions until the 
beams tested were highly deformed. The correlation of static and impact 
results suggests that the effects of impact loading on beams such as these 
can be determined conservatively on the basis of their static behaviour. 
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